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SECRET
ABSTRACT (S)

A system of dynaixic armor for tanks (Dash-Dot) is under investi-

gatlon. A successful system will sense the presence of an anti-tank round,
COMPUte RN irajetfUr;1y, aLflyJ: -htirl- R.i-ng

Clt Izijt i .1ULG autulLaLLa LAXigde.ndn

charges that will destroy the attacking rounds before impact. A sensing
systeni of three optical screens, employing i•ltered IR sources and photo-
c'on'luctive detectors (labS cells) h&4~i devised. Preliminary evaluritions
of' the physical and geoxnetrical detection parameters are discussed. In

tests of an experimental screen system, an accuracy of about 2% hfe"-
,,I.eved in determining the unknown altitude and velocity of 75 mm safells

at velocities up to 25500 fps. Preliminary calculations on the complete
geom:etry of the system are presented as an appendix,,,.

I. INTRODUC'ITION "

A system of dynamic armor for tanks (Dash-Dot) is under investi-
gation. A successful system will sense the presence of an anti-tank round,
compute its trajectory, and defeat it by automatically firing defending
charges that will destroy the atta-king rounds before impact.

Protection is desired from attacking rounds in the velocity range of
from 200 fps to a maximum of 5000 fps. The system should be operative
day and night under a wide variety Of climatic and terrain conditions.

Three major problem areas to be considered are:

1. Physical detection

2. Geometry Ji the detection screen

3. (:ornputation

This papur is cuitek'rred with only the first two general prouleiiis,
treated together.

II. SYSTEM REQUIREMEN'rS

Broadly, the system requir',ements are:

1. To determine missile trajectory in a "suffi-

ciently short" time.

2. To ignore objects with velocities less than 200 fps.

5
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3. To ignore small arms fire.

4. To be insensitive to ambient conditions of sun and sky light.

5. To fire defending charges whose fragment velocity must he
several times that of the fastest attacking round.

A feasibility study was undertaken using energy in the optical spectrum.
One obvious advantage here is the high spatial resolution available which
makes possible accurate position and velocity determination. A 3-layer
optical sensing screen was conceived to surround the tank as shown in figure
1. The defending linear charges form the fourth innermost layer. Each
sensing layer consists of a series of uniformly spaced IR sources and detec.-
tore mounted in reflection optics: b 0 , bl, b2 represeni the three detection
cone axes;Pc represenlt the direction of flight of the defending charge. It
is assumed that the attacking rounds move in or nearly in the horizontal
plane and will intersect at least one detection cone in each of the three layers.
Axes b. and bI are parallelito each other; axes b, and b2 are at some fixed
agle. The direction of P. lies between the vertical and the "b 2 direction.

For normal incidence, the transit times between the three layers yield
the velocity and altitude directly. For .other than narmal incidence(general
case) the transit times will be functions of the amount of obliquity and the
effective separations x and y will be increased proportionally. This amount
of obliquity (angle of approach) is determined after the missile has penetrat-
ed the first two layers and will determine which charge or charges of the
array need be fired. The 3-layer sensing screen Is effectively a 3 dimen-
sional switchboar" •ith contacts being made optically• Appendix A derives
the basic equations that the comnputer will be required to handle.

111. DETECTION PHILOSOPHY

i. Source Modulation

The possibility of amplitude modulation of the emitted energy wa!1 inves-
tigated. This approach did not prove fruitful for the present system due to
a lack of suitable source-detector combA-htlon modilat-fb1e at the required
frequencies. If recognition were required within six inches after a 4000 fps
missile penetrated a beam, an 00 kc source would yield about 10 pulses.

1

e., available time = 2 seconds ý 1 ms

6
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Ultra-violet 8ourcetl art! avai lat~le whici(.h may be efficiently nmodulatj"'
at this frequency but are too large for use in focusing optics. A tungsteni
filament builb may he modulated uT) to about 25 kc but with very pour eff] ei -
mecy. Meagre success was achieved in attoempting to modulate an ultra-
ornall, glass enClosOSL zirconiuim arc; a' 100 (o p.- the modulation had drop-
pt.-d to 516,

2. Steady I'D(,"' Source

All work to date liar, utilized a steady light source furnishing a single
reflected light pulse. To achieve high spatial resolution it is inccessary to
Veep the source and especIially the detector area as3 small as possible (re-
Isli~ve to theý rý,,Nectnr aperture), Aithuiph crnall-area phntotubes (e. g, 1142)
are available, the mceet e~fft-ieit ~'uc-deve--r' .rrjuai hdF proven
to lie a tungsten-filament source arnd a photo-cronductive detector, The source
used is a 6-volt, 01.5 ampere I31- 12 flashlight bulb having an effectLive radi-
atirng area of about 1 mmn, 2 . When operated at its rated voltage, it has peak
emission at about 1. 29 p. B~y lowering the applied voltage, the emission
peak may be conveniently shifted to longer wavelengths matching available
detectors. At 0. 8 volts, for example, peak emission occurs at about 2, Opi.

IV. DETIECTO-R R1EQUIREMEENTS

I . asic Considerationn

A fundamental requirement of a suitable detector is a short rise- timle
constant and anl adequate S/N resp~inse for the fastest. rounds at `he greate.~t
anticipated detection distance ("h" in figure 1)j Under some C', th'e worst
cond itions ol operation, ptk'qes in a ucce..isive chpannel A rnight occ(ur 10() JAS

a pa rt, i'~nr adequate timne result lim, it would c he ne-ce,-ss.Aryv t.o rPH~s .b
deci1sion inl about, 25 gps, Th(- tWill cunso-jut, sens~itivity, a. 0( noise of various
I Hnet ictot?' were- iolvcstigat ed to dcote rill tle. thle most prom 'lis inrg do te( tar

p re:-wntl~y a -. i ta ']*'.I(! ic hoto- conductive- typo ol U? l etec~tor seýýrmer attract'-

ive ibeiausc- of minute s ize , easy alteration of sensitivi, area, iigensnn

System is not dlrawna to any particular scale.

7

SECRET
TW. docxunst centalna Inter at on afflstlm I . ntheMAOM&I deffnito~lihqs t.10d States wlihm~ th. f iaaf!io the coolonj Ifiwa, tltie
16 U. S.C., 70 and 724. V, WaijimIislol or e rIiv~ion P, iii canioto n any mann.r to oruneu~tnhri:.1 plinyn I* M 1A .-de by low.



SECRET

microplhonisni, high Iii sensitivity, and simple power supply and circuitry
demands. Among the cells tested for ambient temperature use were an
E. C. A. 2 Pbs cell, an Ektron Pbs cell, and a typical sB. It., C. 3 PhSe cell,

All the cells were cf the chem-nically dposiled. type, J11e . C. A eill bad
a 2, 5 mm x 2. 5 mm sensitive area; the other iwo were 1 mini x I nim in
area, A "point" sourre of light was mechanically modulated; the output
signal was fed to a low-noise amplifier and meafaured on an oufcillosi'ope.

2. Time Constant Measurements

'To ineasure time constants, a ninety-Lilot choppir:g whil wa. -or--
tinucted which- c:ould hi' rnts ted at ai" de{si rid speed tixtwuen 30 rVpm and

22, 000 r-pin providing a "squarec wave interruption freql . y from about
45 cps to about 33 kc, The slot wilth was 2. 2 nim. Thus, since the cell
area exposed was I mim wide in all cases, the input was actually trapezoidal,

neglecting diffraction effect,,.

3. Noise Measurements

"The noise of a photo-coaductive detector is generally taken to he the
pure current noise. E:,due to rando9 htucuations in the steady-state current.
As is well known, such noise varies as where f = frequency.

The observed noise F-- E where

E= = ,. E2; +2 volts P.T.P

E, ;ý Amplifier itIul s rcft'rtid lu the input.

* Johnson noise developed across the cell and load.

E£ Current noise.

'lectronics Corporation of America

Santa Barbara Research Center
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As the bias voltage is increased int h the signa] arid S/N ire cr:fSc

to a maximum value and then decay. The optimum voltage occurs for
watts

a power dissipation of about 0.1 mýn2  on the detector. This figure

has been roughly eonfirmed for the prreent cells. Utilizing the 25 ps

maxiniurr decisiion time previously oIx7ltio[hi'd, one can cornpute what

tih: nilninin; Ichopping fr''qiueury sMhult hie at which S/N of various
detertors should i(e conp;i retd. Thus a urit., tirne -vonurtarit thdteltoi
with -xi'elleont sen:sitivity nJlay yield a F ulJrerioi S/N at high fi-eqier•ii Os

than will a short dierue- colnstanhttnIrcu,- with uiediocre seensitivity.

This has. po'i)vell to le the ixOre . Iroiri the gimtetry of the ihoppri,
the cell is illuminated fro 25 ps at tin' freq•or'niy of about 14, 000 cps.

,igiir'e 2 lists the rnirnaaliz',ei resjpiri 's of t he 3 c' ll' as a function
if i1diojing frequ••ncy. "Time' did nout prermit titing imore! than I

sapleh iif eac'h typi'.

A bare_ tnungst rn larmp peakcd at I. 3 p sutipplied a field intensity oh

205 11 four each rc41. At 14,000 cps the Ektron cell yiehidef the larg-

est S/N ratio. Ii r'omparirig thit S/NiatiO , a 8riall correction should
te made for the different spectral sensitivities of room temperature PbS
tand P1iSe, The ''half-power" apvr'rral responHe points of a typical 25 0 C

PbS (el ..- t-.ip anri2. 8 M; for a typical 250C PbSe cell (S.4. it. C.)
they occur at Mlp and%•4. 5M (see figure 3). For a theoretical Ilack body
peaked at 1. 3 p, 16% of the cenergy e.mitted lies betwen 2. 8 p and 4. 54.

An additional correction sa mhli be made for the larger mismatch between

the PbSe cell (.,.3. rip peak) ,rid the source (1 .
3 1) as vompared to the PbS

(-,2. Op peak) cell and the saii source. Bie cause of t, v non-synmmetry of

the black body emission curve and of the typical photo-conductcr curve
about their re slnective peaks, optimluni response should occur for a radia-
tor whose peak ,( curs at a shorter wavelength thaln that of the dete 'tor.

The opti nmou atine'rit of misimaitch will be determined in future work.

(,eli Ar(•ea Effeu:i

In a pih•o()rithor'niilrtir,
(3)

N (I

<A

N - cmurr-!t noi-te at a fixe! biaa-;
A ((,]cI area

SVet hally [ran sirtited fron, it. IVI. 'Ialley, NOL, White Oak, Maryland

2 Total emission to iýp.

? 'Kuclak Ektrrn I ( c'tor" handbook, paige 7.
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For a cell prefocussed in a given paraboloid, the energy incident
on the cell is nbviously independent of area. Thus, the S/. will improve
as the cell area increases. Hlowever, t.he antenna pattern broadens as
the sensitive area increases, lessening both the on-axis nensti-tity rind

the directivity (resolution).

V. SENISiNG SCI{•EN

"To establish feasibility it is first necessary to determine the expe-cted
signal level (single pulses) for a wide variety of operatlonal parameters
including rnissile size, shape of missile ogive, velocity, missile ref eiti.
terrain cc.Electivity, ambient illumination, altitude, oensing angle, and cirr
(uit m'arumetcrs. it is furiher necessa;ry to de'vrrnine the trajectory resplu-
tion. For these investigations, two sensing sulb-sureens were constructed,
Onne of these. is a 3-cle .ernt single row sub-screen (figure 4); the other is a
.t-clement triple row suh-screen (figure 5)equipped with circuitry to display

the angle of incidence visually by automatically swit(ching on the appropriate
neon bulbs on a display board after round pa.gsage, Each element consists
of a source and detector, with axes parallel and in close proximity, The
source is a P11-12 flashlight bulb operated at 5. 00 volts and consuming 2. 25
watts; the detector is a Kodak Elktron 1mm x 1 mm Pbs cell. Each is 311
mounted at the focus of a small commercial parabolic reflector of about 1 '
diameter. The optical gain is about 400 for the source and about 200 for
the detector; suitable shielding i, ',mployed to eliminate stray radiation. 'The
radiation pattern for a I rnm so. 'e (or detector) in the reflector used is
shown in figure 6. The "half-pgwwcr" beam width is 3' included angle. Infra-
red transmission filters are availatble for operational security, These filters
(figure 7) transmit about 90% in tho 2p region, The basic detector circuit is:

1•1 " l'bs tell

1t2 Load resistor

1R2 was chosen equal to the dark resistance of the c(ll, approximately 800, 000

ItI)
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V1. MISSILE SIMULATORS

Various missile simulators have been conceived and constructed
to investigate the response of the sub-&srreeiis. TJhese have included
laboratory air guns capable of propelling wood slugsj(3" long, 3/4" diamn-
etei) at speeds up to 300 fps. The DO)FL air gun facilities have been
used to invertigate detection parameters of Styrofoam rouihdil(12" long,
4'' (iiameter) propelled at speeds up to 1000 fps, 'Tests are currently in
progress at the lX)FI, Tes Area using inert 75 mnm. rounds fired at
spqeeds up to 2600) fps.

iWigtire 5 shows the laboratory setup utilizing the 9-element sub-
screen with a small toir gun. F'igure 4 shows the experimental arran~ge-
merit ue.erl ,.n the EXOI.. air gun building using the 3-elemient sub-screen.
Figure 8 illustrates the instrunientatIuOT room just outside the firing
room, Shown are the gun control panel, the oscilloscope with a polaroid
Land campern for recording target Pignals, electronic switches used to
record the ihree separate pulses on a single photo and a counter used for
lndeperodcnt checks onz the optically recorded round veloci y.

V1I. GENEltAL, DETFCTION PIROBT EMi

As indicated previously ,(.lC~?e pulse rise time and ampli-
tuide of the detector response will depend on rnany ipdiependent parameters
of detection, in ,Addition, both negative and positive pulses may be ob~ta 'in-
edl depeniding on the relative reflectivities of target and background anid
upon th( le-tQ(:tion altitude. A negative signal is clue to obscuration. Pre-
hii iiaiy data ujij th (~r oi-Ar iiAtiui of eat 1h o 1wr~ationul aa nwP'"'~tic will 'Le
given arid an attempt will be made to tentatively evaluate their composite
effect. TIrajectory resolution mneasurements will then be described.

1 , Signal vs Riange

I, or detection distances large relative to the refiec-t,.r aperture, simple
theory predicts h- 4 fali-off of signal with range for an active system. 'IThe
observed variation of signal with distance does not fall off this rapidly due to
(a) the aperture of the detector being not sufficiently large relative to the
detection range. (h) the narrownes~s of the detection pattern beam and (c) the
projected area of the target,

SECRET
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Point (a) requires no further comment. For rather narrow beams
it is readily appreciated that at close-in distances only part of the
missile is illuminated. At greater ranges, more of the target lies in
the detection beam. If the ellipse formed by the detcction cone and the
plane in which the £missile lies is c:ornpleiely enclosed by the projected
area of the round, increasing the distance should produce no signal
change since the flux density at the target would decrease as h" 2 while
the illuminated area would increase as 1h+2. At such a distance that
the ellipse minor axis equalled the missile diameter, the signal would
start to fall off as h"i until such an altitude is reached that the entire
projected missile area lies within thi detection ellipse. Beyond this
range the signal should fall off as h-. For an illumination cone similar
to and nearly to-axial w0i% the dctection con, the samne argu•,e•.:t holds.
Thus at sufficiently high altit des where h` fall-off holds, the net sig-
rial varies as (h-2) (h-) = h neglecting other limifing arguments.
Since the beam pattern of the detector has no sharp limits but falls off
gradually with increasing off-axis angle, a complete computation of
s;aal return as al'unction of range and missile size would be very diffi-
cult. Further, it wilU not always be true th.-tt the effective target area
equals the projected target area. This holds strictly only for a Lam-
bertian reflector.

In addition to these considerations; it is found for small objects
that as the altitude is increased the return signal decreases smoothly
through zero into negative going pulses, A zero signal return occurs at
that altitude where the round obscures as much hackground-reflected
energy as is directly reflected by the round. Experimental determina-
tions of the effect of the detection altitude on signal have not been
completed except for small objects(wooden pellets) expelled from a
laboratory air gun and some partial data on Styrofoam rounds(figure 9).

2. Signal vs. Velocity

As missile velocities increase, the pulse height, rise time, ond
the pulse width decrease. The solid line of figure 9 shows the variation
of pulse amplitude with velocity for 12" long Styrofoam tounds fired at
speeds between 200 and 1000 fps. This plot is simply explained in terms
of the average tixmc cor.-tant of a cell. in additlio,, sine the average tinme
nonstant is known, the results may be readily extrapolated to higher

velocities. The dotLed portion rhowE Lhe extrapolation to 5000 fps. The
leveling-off of the "2. 5 foot altitude" curve at speeds below about 400 fps

12

SECRIT
This docu=emt contai•s Information tffO~ting t•e mltionmal Memego of the United States within the manln~q of the Ospi.ngge 1w% , tRW.
Ih U.S.C.. 79I..4~794. Its tr... bsolnýi~m-t" eyo~tI f ;t , ~ .en' eftI. jw



SECRET

may be explained by taking into account the missile length, detection cone
cross-section, and the time constant.

Thus, at 2. 5 feet, the detection pattern cone cross-section for normal
incidence is a circle of about 3. 3! diameter. Since the rounds are 12" long,
the time spent in the beam during which the radiation return is a maximum
amd stationary is,

t 12 12 ecor c
V

where v = velocity in fps.

If this time is equal to the rise time constant (,- 1. 25 ms), we would
expect the pulse amplitude to have reached 63. 2% of its maximum value, i. e.,
(I - I)x 100%. For t greater than the time constant, the peak amplitudeeshould no longer increase with decreasing v. This is observed for the 2. 5
foot altitude case. A simple computation confirms the correctness uf this
curve. Thus, at t = 1.25 ms,

12 - 5.3
12

V 12 -5 fps or ,- 580 fps. From1.25 x 10"

figure 9, 63. 2% of maximum occurV at v = ,nl900 fps. The agreement is ade-
quate since the time constants of the Ektron cells vary and since the iotal
illumination time is actually

12 5. 3.5
12

t1 - s.'econds, counting time from the moment

the beam is jtmt entered to when it is just cleared. On the latter basis, a
time constant of 1. 25 ms would yield a velocity

12 f 5.5

1i2 ps - 1,020 fpu.
1.2, x i0~

Exact prediction is further cumplicated by the awkward geometrical
problem of computing the rate of energy reflection generated when the target

13
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ogive enters a "circular" detection region (of non-uniform sensitivity) at
a constantly varying angle of incidence. The latter variation is due to
ogive curvature. At an altitude of 5 feet, the detection cone cross-section
is about 5" in diameter a- a smaller "time-constant velocity" should be
expected, The data presented do not show a similar leveling off since
velocities below 200. fps could not be conveniently obtained in the large air
gun.

Rise times have been measured for the velocity range 200 to 1000
fps at detection altitudes of 2. 5 feet and 5 feet for Styrofoam rounds
Cuormal incidence). The resullo are given in figure 10. Extrapolltibn to
higher velocttie ia mc;e difflcult In t :. Li3 `aý. ':•-an for the prPevicv tlaae
(figure 9). Data is currently being taken at the DOFL Test Area that will
show the relation between rise times and round velocities in the range of
1400-2600 fps for various altltudcz utilizing 75 mm artillery shells and
for angles of incidence of 300 and 45".

In general, the rise time will depend in a complicated way on both
the geometrical parameters and the detector time constants. For trans-It
times greater than the cell time constant, only the geometrical factors
(e.g. altitude, beam width, missile length, missile dia. , etc.) are signi-
ficant. For transit times less than the cell time constant, we should ex-
pect the peak amplitude as well as the rise time to decrease with increas-
ing velocity. There is not sufficient data to show the predominating time-
constant effect, except for the 2. 5 foot curve in figure 9. From figure 10
it is apparent that a one-foot screen separation distance iR adequate for
the spatial resolution of rounds up to velocities of 1000 fps and altitudes of
at least 5 ftet. Thus, at an altitude of 2. 5 feet and a speed of 300 fps, the
observed rise time is 1. 7 ms. This may be compared with the transit time
between screens of

1 foot 5 Ms.
500 f'pn

At an altitude of 5 feet the corre-
sponding rise time is 2. 8 ins. At 1000 fps, for both altitudes the rise time
is approximately 1 ms' similarly, transit time is about 1 ms. For transit
times shorter than I mns for a one-foot fence separation (i. e, for velocities
greater than fps) the rate of decrease or ... i.e . .. t.i...ith decreai transit
time should diminish, requiring either that a greater fence separation 'e useu
or that recognition be accomplished in less than the rise time.

*

The rise time shall be defined as the time it takes for the signal to go
from 10% of peak to 90% of peak.

14
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Thus

d(l' constant up to about T ± 1 niH
dT11

nd• ( decreases for Y 1 ms since detector time constant 1 rnsdTPK

where
rise time

transit time between 2 adjacent feices

Exact measurements of both the rate of rise of signal out of noise and
of the relationship of missile ogive to the detection ay.is as the signal grows
in time are being made for typical firings in the large air gun.

Microscopic A.irnination of typical pulses (see figure 1la.) has yield-
the provisional data (fable I).

The times referred to are for the signal to rise to the indicated level.
These times are not uniquely related to the instantaneous position of the
ogive relative to the detection cone.

Signal vs. Size

6

Pulse amplitudes of 4" diameter Styrofoam mi.siles of varying lengths
were found to be approximately proportional to the missile length for detec-
tion altitudes of 2. 5 feet and normal incidence. The round velocity was 800

ne fps for these tests. The rise time decreased with decreasiinfr missile length.

As before, assuming a beam diameter of about 3. 3" at 2. 5 feet altitude and
a round velocity of 800 fps, it takes

-5.55"- - ft.

10 ft/oec. = 0. uc
•sit

for the round to achieve full illumination as it enters the beam. Since this

i-." ----. tha-- th cell ti e : stnt ( - 1. 9 - -__nd.s longer than

about 3. 3" will increase the transit time through any one beam. In turn,
leveling off will be produced near the t4p of the pulse, thereby increasing the

rise time.

15
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Table 11 presents these results (see figure 113). In each case, the
velocity is 800 fps, the altitude is 2. 5 feet, and incidence is normal to
the missile axis.

4. TarqftReflettivity, Terrain ref!.ectivity, and Sensing angle.

Relative reflecting powers of various substances in the entire 0. 7 to
2. 8 p region of the spectrum have been measured. 'The reflectivity meas-
ured in each case is the relative return energy for a screen sub-elerment
whose parallel axes are inclined at various sensing angles to either a flat
simulated terrain, or to the llinr of flight ' ,,f a simulated missile, These
sensing angles range from normal incidence to 600 from normal.

To make these measurements, a reflectometer was designed and
built. The sub-ekment is mounted on a rotating head whose center of curva-
ture Les on the sample being measured. A Corning filter No. 7-56 was
employed over the L' tector parabola. The source employed wa2 a 6-volt
PR- 12 bulb operated at 1.20 volts. For normal incidence, the detection
cone diameter at the test surface was about 3. 3" in diar'eter. The results
are given below in dimensionless form.

Senra.ng Angle (off normal)

Potential Targets 0" 5- 150 300 45* 600

Flat Aluminum Sheet (Spicular
fiz:21h, Alzak) 347 7,4 .58 .50 .40
Brass Tube (polished, 4" dia.) 8.2 3.2 .91 .35 - .25 -. 21
*75 mm Shell, O.D. paint .35 .31 .20 .11 - .09
*75 mm Shell (bright steel) 6.2 1.3 .37 . 11 .08
riat black alkyd' crl paint
(on flat surface) 0. 19

Type IIEP-TI65EI I

SECRET 17
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Sensing Angle (Uff normal)

Potential Terra.nn 0 5. 150 30* 45* 60*

Pure white quartz (No. 16
graded ottowa sand) 2. 1 2. 1 2.0 1.9 1.6 1. 3
White marsh concrete sar,d 1.82 1. 62 1.60 . 49 1.32 1.08
No. 8-4 White marsh gravel 1.57 1. 57 1. 52 J.44 1.27 1.08
No. 4-3/8 " . 1.70 70 1.68 1.57 1.40 1,24
No. 4-3/8 Iowa dolomitic
limestone 1.09 1. 10 1. 12 1.10 1. 12 1. 13
common r.t., jcut) ."7 . II . 05 .58 . 51 .47
dead brown ltspve5 - 1.37 -.'37 -1.34 -L. 1 -1 Q 0. 8

In addition t, those surfaces listed, reflectivity measurements will
be made of snow arnd of mud.

At a sensing angle of about 300 and an altitude of about 3 feet, a
negative-going pulse (not positive) is obtained when 75 mm 0. D. shells
are fired in daylight over a terrain background of a mixture of soil and
grass. i Reference to the reflectivity data indicates that a negative
signal is due to the greater reflectance of the terrain (obscuration by

the shell). For increasing altitudes, the missile subtcnds a smaller
amplitude. For night operation (sources on), the geometry is compli-

cated by the fact that the flux incident on the target differs from that on
the background. Laboratory measurements on birch-wood pellets have
indicated a region of ambiguity; i. e., for sources on, as in night oper-
ation, there is an altitude at which the backgz ound reflection obscured
by the pellet equals the energy reflected by the pellet. A similar in-

vestigation will be made for 75 mm rounds to determine the parameters
for zero net return signal.

I For daytime operation, the system lights were turned o&f.

18
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5. Sensing lieSOIlution

Sensing accuiracy or 'resolution' may he considered under the
five categories of detAermin~ing

a) T he Uangle oi incidence (;ingle 0 in figure 1)

b) The displacemenet of the tlra IwCtoc. 1 jar1alle 1 to itself

c.) A] A;'udv

(1) Ve loc ity

0) Enconunter time

Preliminary measurements have been mnade on Vh, c, d and e
only.

Signal vs. Parallel Displacement

Figure 1 2 indicates the P. D. resolution of a screen
sujb-cleonent for an arbitrarily selected sel of conditions.
TIhese data were obtained with the large air gun using 4"
diameter Styrofoamn cylinders (simulated missiles' at
norinal incidence and at an altitude of 30". The line of
flight is perpendicular to the line joining the detector and
source (i. e. , into the figure). For a fixed flight direc-
tion the sub-element was translated along the lin~e joining
the centers. It is evident from the figure t-at the sensing
axis of the sub-element iq nearly coincident with the de-
tector ,ixis. The signal is down ten-fold for a ini'ssilie axis-
deitector axis displacement of about 3.71" at a 30" altitude.
At greater altitudes a larger axis displacement womfd be
required f,3 equivalent signial degeneration. Figure 13
shows the overlap of the detection pattern of any 3 adjacent
sub-elemients in a screen. Rt is obViOUS Lhat . D, riesclh-
tion may, if desired, be increased by narrowing the beam
width, 0. and reillucing ihe ~eaai~I"2'. The beam width
may be narrowed by using either a longer focus paraboloid,
a smaller detector area, or both. These factors have not
been explored in the report period.

[9
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Altitude and Velocity

The 3 sub-element in-line sensing i3creen has been
employed to determine the resolution of these parameters.
From a typical oscillograrn (e. g. figure 1 IB, osciilugram
IM) the pulse separation in time may be directly measured.
This photo was made with the DOFL air gun using the ar-
rangement shown in figui," 4. The slant ranges and angles
of incidence are shown in figure 14. The errors in altitude
and velocity are within the experimental error (about 5%)
of estimating p'ilse peaks on the photograph. Thus, in os-
Jllogram IM the 'true' velocity is 685 fps; the measured

velocity is 610 fps; the 'true' slapit .ange foe beam b i 37";
the measured ran-gc is abt4ut 10". The rlinlacprnpnt of
the first two parallel "eams was 12", measured along the
direction of firing; the angular separation of Lb. 2nd and 3rd
beams was 15". At the 30" slant range the separation of
these 2 latter beams was 19. 7". The true system error in
measuring altitude and velocity is estimated to be less than
2% and is due to individual variations in reflectors, detectors,
focussing, etc.

Encounter Time

The encounter time shall be defined as that time at which
an acceptable target has been recognized in one or more ele-
inents of the outermost screen, tisreby establishing a time
base ( T = To). It is evident that the subsequent passage through
the two remaining screens will completely establish the trajec-
tory

d = d(T)

where d = displacement in the horizontal plane of attack

1 Thri sc,iod,'signall' in -- ,. b2 as seen in the prhnto should he ignored. It is

due to the Styrofoam round striking the backstop, disintegrating, andirebound-
ing into the last beam.

20
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T time

do enco0unter 'point'

To encounter, time

Becaiuse of geumetrical andi physiical consid~erations the
encounter time will ocecur after the target ogrive has rt.ti h
odI the first detector axis. Figure 1 5 (oseillngramn G6)gives
the e-incuict -. r 1 iin delay ain( round p)ositioni In timre forý the
case of a 75 mm MA hl round. The sceparat ioni of beam 01
(0 st (detector axis) and a pulse 0 (peak of I st pulse) is 250
Ms. Th' experimental. parameters tore given in the figure.

of the rourni thr ough 'two alum irlui foil ''meake'' circuits
spaced 48'' apart. T1'he crorss- ha Whe d areas indic-at'o the
1 /2 power -point beamn w idths in the plane o~f ecu:ounter.

VIII. IX)F'L TEST ARE.,

Some prelljc.ircary data hisH lwtf, obtained uii the sunsing ficreuxi responlse-
at the IY)FL Thb-t A--,a using 75 rtnc 411ells in daylight. operation (sources off,
Figure I WC shom s two typical oscillograrns (414 and 2,P') f)r- velocities of abOUt
15 40) fps and about 2 500 fpc- respectively, F igure 15 is an analysis. It should
be noted that the signals are negative (ol ' --- r-a tion effecet)., The field arranige -
rue at is shown in figures 16, 17 and 18h. In the foreground of figure 1 7 a sin -

ple optical trigger which initiates aI single sweep on the i-at hcde ray tube
(niot shown). Mounted below the sensing sub-screen are two alumcinunm foil
'mnake' circuits which locate the arriving round in relation to the three. re-
ceived signals and which serve to independently check rnissile velocity, The~se
foils are located 48" apart and their output is visible on the osci Ilograms C3c
and 2F an a pair, of ve~ry steep spikes on Leu! pper tra,,e, The - irc-,,11_r hoics
seen in the foils were- prtud uccd by the aetja 1 firing. In the bac kgrotind is a
mound of earth for stopping I lie inissiles. All instrumcentation is contained inl
the mobile laboratory

21
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IX. SPECIAL CONSIDERATIONS

1, Velocity Discrimination

A successful system will ignore all potential targets with velocities
less than about 200 fps. It will also be necessary to ignore all spurious
signals due to the motion of the tank over irregular terrain, passing
close to objects, cloud novement, per.6ohnel mbvenneht, etc. Stich (dis-
crimination may be achieved by utilizing time gate techniques.

The first pulse or part of it (beam b0 , figure 10) initiates a finite
time gate corresponding to a transit time of 200 fps for the target. Signal
rejection occurs when the secund pulse (bea-i, b1 , figure 19) arrivcs too
late.

2. Ignoring Small Arms Fire

'Smnall arms' refers to all missiles of lesser calibre than the small-
est anti-tank round commonly used, i. e. , less than about 37 mnm.

Although small arms fire would produce wpaker signals, it dues not
seem practicable to utilize signal amplitude as a basis for rejection since
it would be difficult to distinguish between a small object c~lose by and a
larger object farther away unless more intelligence were built into the sys-

It should, however, be possible to take ad~iantage of the pure system
geometry to achie.ve small arms rejection. Reference to figure 1 and figure
13 indicates that both the beam width, 0, and beam separation "c", could be
chosen,thht,' for normial incidence at least, the number of adjacent detectors
alerted in any screen would be well-defined function od altitude and and
missile diarneter. Thus for any particular altitude of attack, a minimum
missile diameter could, in principle, be ?aensed'.

3. Effect Of Environment O.n Sigiial

With increasing~ temperature, the tirr.i constant. S/N, and dark resist-
ance decrease (figure 20A) and the long wavelength cutoff shifts t o somewhat
shorterXý (,sce figure 2013.). With increasing relative humnstity the time .zon-
stant increases rapidly (figure 20C). Increasing the amrbient radiation level
produc, .3 an effect similar to that of increasing the c;ell, temperature. The

22
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response of the bare cull is quite linear up to incident irit ensititms of about
4300 j.*wattfq/cm 2 . This is a derir~ed figure taken from data pjr(.esented in
figure 20D,. For a 1 rum x I mm cell this rep~resents 43 Mwatts of energy.

4. Signal Amnbiguit-y

Current work at the DO)FL Test Area with 75 rum 0. D. shells has in-
dicatedl no ambiguity region in pai~sing from daylight through twilight and
into Sarknetss, That is, negative. signals have been recorded both day and
night with iNignal level about 5-fold down at night, The sensing distances
used at the DOF1, Test Area ar(- idcr'tical to those given in figure 14, with.
the exception thLt the "bac'kgrounid level"' of figure 14 1P about 42'' below
the sihell trajectory.

5. Reliaiui ty Of ( e llih

The cells uised int the 3- soh-e lvieril test init have s~howni no dIehrjiui
at ion witl- ago over, the( past seven 1nilrithO . TIhey have been in use inl both
the IX)FI, air gun and the 1MWFI 1 'e t Area Uaid have bieen exposed ill the
couirse of test work to an amble oit teini perutmne range oif from about -5' C to
4t28*0 C and a re lativi- hum ridity ra nft from aionijt 1 5,% to abiout 0)0%.
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Figure 1. Outline of a Dash-Dot Geometry.
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Figure 4. 3-Element Single Row"'Sub Screen.'
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Neon bulb "Switch Board"

Amplifier and

,eethyratron ctrcuitr

Detector

Cheesecloth Compressed

"Backstop" gas supp ly

;71,

Figure 5. 9-Elcrncttt Triple Row Sub-Screcn.
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(A)

1 7 5

Sweep- 2 ms/cm Sweep- 2 MA/cm Sweep- 1 me/cm
Senait- 0.2 /cm Senait- 0.2 v/cm Sensit- 0.2 v/cm

FIRING DIRECTION

4 7 9

Sweep- 2 ma/cm Sweep- 2 ma/cm Sweep- 1 ms/cm
Sensit- 0.1 v/cm Sensit- 0.05 v/cm Senait- 0.05 v/cm

Figure 1LA. Typical Pulse Oscill'igrams.
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(B)

ID 3D 4
Siweep- I ms/crn Sweepor 1 ms/cm Sweep- 1 mn/cm
SensiiL- 0.2 vhI.. _ ~~ v/cia Sensjt- u.u5 v/cm

FIRING DIREC'TION

IN

Sweep- 2 mg/cm
Sensit- 0.5 v/cm

Figure 11B. Typical Pulae Oscillograms.
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(C)

4F 2F

Sweep- 0.5 ms/cv, Sweep.. 0.5 ma/cm Sweep. 1 ma/cm
Sensit- 0.2 v/cm Sensit.- 0.1 v/cm Sensit- 0,2 v/cm

FIRING DIRECTION.

Figure 1IC. Typical Pulse Oscillograms.
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Figure 12 , Signal vb. Parallel Displacement.
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Figur2 13. Overlap of De-ktection Patterns.
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3-Is.ment Sub-Screen

Figure 17. DOM, Test Area.
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Figure 19. Diagram of Defending Screen's.
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Figure 20. Effects of Environrnent nn gi ann I
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APPENDIX'

Equations for Firing'Tirne and Position of Defending Charge

bY

0. Cruzan, H, W. Kohler and H. W. Straub

*IThe tan k is surrounded by three optical screens consisting of se nsing
beams LO, hs 1,2 (filgure 19) which are shown originating from an outrigger
at the tank~ wall. Two of, the, screens are parallel, im~aking an angle a with

* the vertical, and have a horizontal spacing lial. The 1hird scr,-en originates
at the' sAM lCe as the-secon-d scre-en,-and-makes, -aii nle- with-the verti-
cal. The defending charges are arranged along a. line parallel to the base of

- I the three screens at a di,,4ance s from the intersection of the second and
third and their trajectories make an angle -y with the vertival. The sensing
beams bo, 'b , b2 and the trajectories p. of the defending charges ile in
p'lanes paral tel to that of figure 19a.

A projectile approac-hes from the right along a straight, horizontal
trajectory Pm:i Its velocity VM. its horizontal angle ý of attack and its height
"h" of attack are unknown. It traverses the beams b0 , b1 p b2 at pointe 0, 1, 2
at times To, T1, T2. The times Tl's, TI, ~2are measured, arnd ~he coordi-
nates y0, ,y,, y2 of t he origins of the traversed beam-s are knwn, Before
the projecti le reaches point 3, a defending charge located at coordiinate y3 is
triggered at the right firing time Tf so that its fragments, whiich move at a
velocity Vc. arrive at point I at the samne tinme as the projectile.

The computer c~fetewnines fromn the uiven paramreters a,. ii, ct, j. ý;V
and from the measuredi data yo ' 1, Y2 , 'T.u, 11I' , T2' theý f ir'in tirt e(T and the
coordinate y3 of the charge to 1)(, firc-0, atIQ gcrierat~es and trans~mit6 at thcý
time Tfi a triggering p lilse to the charge [pw; -it iOuie(1 at y so that Ow hc Iksirl'e

00 1) For a more general preiieritatior ie~ DOFI, fR- 433, ~Theoretical Analy.sis

2)Note that the coordinates xo, x, x2 are not known, being functions of the un-
known height "h" of attacik,
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collision occurs.

The equ;Ations for which the COMPu~ter hans .~o be designed will now he
derived.

Eipiation ftoý Fir ing 'lini T~

In order to obtaii)n ac~ollisioil at. point 3i, there must be

T1 + T 0, . . (

where Tf is the firing tirne, T ., the truansit tjIn v of Ihe i: r ge tragne nts
- .. to point 3, -and T 3 th(e timne of arrival of th~e p)roject.).ie at, point 3.

For T one gets from figure 19a

Teh (2)~

where h is the height of attack, ,An d Vt. the velocity of the defending riharlyu
fragments. Substitujting in (1)

'If- T h (3)

T 3 and h are not known arId hive to be detcr-mined from known paramneter's
and cdatrA.

For h, one utses the equiation

'I 'o (ý / vr0  ___

h,-.-:d 0  m' 2a~te iLit~~ points 0 to I and I, to 2,
respectively',' on the projectile trajectory. arid Vm is the projectile velocity.
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tiementary ge'ometry shows that

d ~ -

¾2 X1 a

For x' . x 2 one gets, ft u rn trigonomnetiry *

h(tarl at tail ~

there~fore

(11 h. (tan a tan,3

Subutitut jug (8) in (4) a nil rifa z, t-aigi rig:

ta n (y tain 0 'I1  T 0

For- T one may rn-w an ii ~iatiorI like /

r - r, d 1, (1013.

wher-e (113 io the d~istance between pointst I and 3 on the pr. ri1 "I

trdajectory.
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A\gain from geomeiýtry, and rem`)embering that x x1 =.a, one gets

Trigonometry gives for x, -

-x 3  i W na 4 s- h Ja tn If

= i(talla~ ainy)+ (1 2)

-'~,I.~it,~inn 19~int 111 11 11 in 11()j rkrifuil

+ h (ta na' ;tan )+( s) Ti~

I f one now introd~c~es in (3) the value of 1' fo m (0) and that' of T3
f romr (13), one gets finally

tan ~ tan y

'f T
.2-1

- s~ -os(tan o -#, n (T4

Equa~tion foc Coordinate b3 o hag oe F d~

r-ut the detertyination-of y3 one m aY u ae anl equitior like'

01 Y YO Qý,, x 1(15)

which follows from geometry.
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Substituting x x3 froni (12), and again rempembering thpt X0 -, a,
one gets8

3 ] 1, (tan9 tan y) + s (16)

YI Y()

-Introducing in (16) the value of h from (9) and rearranging finally
yield s

T - T
- y1 tan cv -tanPý_ý 2 IY":'o) +(Y Yo)

__tana - tanfO T. T_ (Y,

U .(17)

Fre'r, equations (14) and ,(17), the position of the charge to be fired and
its f" v'Ing time are determined for any velocity of the oncoming projectile,,,
sind f or uny height and angle of attack.

If, the projectile trajectory cannot be approxina~ted by a straight, h6ri-
zontal line, an,.arrangement of mqore than three screens must be used.

Compilation of Eqoations for. T, ad Y3

if in equation,, (10) anid (15) cumbinatjuns of T's and d's, yls arnd x's
other than those used had been chosen, equations for Tf and y3 of different
structures but giving the same ultiniate values wcjiuld] have't-eaulted. The
follow~ing'equations dri obtained by c-hanging the coffbinations-. Fo"Pr the
mattdr h oitnplicity, the abbreviations

tan cq- ta n y' (18)
tan a - tan [

dP =(tan a -tan (3 ) cos y (9

are wied.
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*~ TfT0

T~~~ ~ TT 1'- -

Sa T2 "T1T=TO+(T•-÷ 1 ) (T TO 2 1(T T) Ve.p T 1  TO~~- (14b)

Tf =T1 + U- (T I T 0O + 0 (T 2 '- TI) - a 2
-Vc" P T1. TO 1b

T 2 i ?- (T 1  - T0 ) + (Q - li(T2  - T1 ) + a 2  "1 (l'lc)
V. P T 1 - To

2 Ti_ . -s.- h (I7a)2-'J 
-ivS u ' 2 - T6-2 2 O ' a 'T2 _ ,T0 2 I,

Y3 Y + Q 2 - 1  - ( I 1 ) (Y - Y0) (17b)
T1 T-To

Y3 T + 1 - To

Y 3  + Y 0 Q(Y2 -Yl) + ( +) (Y 2 -Y (17c)" T2 T,- lr

= +QT2- TI T1-TO
Y3 uYl+QT2 TOIY2 - yb) + -s Ty -T y (17d)

- T2 "T0

T2 Ty ,2 3 Y + Q - -• : ': T -0 Y 0 ) - ( Y l I 3 0 ) ( 1 7 .c )

s3 "[' ToO

Y3Y+ Q ( Y2 - Y1) + - 2 Y2 - YO) 7f)
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T2 'r 2

-8 12 (Q T2) I' T7 TO

h '(17h)

Y3 Y2 (Q- 1) (Y2~ Y I + 2 Y2 Y

From em-h of' the abow!s wt~ H f 'eq'ciaitiow-s 14 a to e)and (17 a to 1)
one equation has to heC siilwtcrJ th;,l 1)r-mirfsCs a rn ininiur of cliff k-ulties
ij dut sgirzing the -orn pute r
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